Recombinant aspartate aminotransferase from an extremely thermophilic bacterium, Thermus thermophilus HB8, has been crystallized in two different crystal forms. The crystals of both forms are orthorhombic and belong to space group P2.12121 with cell dimensions a = 124.3, b = 113.6 and c = 61.6 A for form I and a = 197.3, b = 109.7 and c = 80.3 A for form II. The crystals of form I and II diffract to 2.1 and 2.5 A resolution, respectively, on a conventional laboratory rotating-anode source. Two heavy-atom derivatives have been identified for form I.
Introduction
The aminotransferases, which require a pyridoxal Y-phosphate as a cofactor, are the key enzymes in amino-acid metabolism and have been widely investigated (Christen & Metzler, 1985) . Aspartate aminotransferase (AspAT), one of the most important of these enzymes, catalyzes a reversible transamination reaction between the dicarboxylic t~-amino acid and otketo acid. AspATs from many species were classified into aminotransferase subgroup I (Mehta et al., 1993) , which was further subdivided into subgroups Ia and Ib (Okamoto et al., 1996) . AspATs from Escherichia coli, chicken, pig, etc. belong to subgroup Ia and those from thermophilic bacterium, Thermus thermophilus HB8 (Okamoto et al., 1996) and Bacillus sp. YM-2 (Sung et al., 1991) , and thermoacidophilic archaebacterium, Sulfolobus solfataricus (Cubellis et al., 1989) belong to subgroup Ib. T. thermophilus HB8 AspAT has 46 and 29% amino-acid sequence homology with Bacillus sp. YM-2 and S. solfataricus AspATs, respectively, but less than 16% sequence homology with AspATs of subgroup Ia. Although extensive X-ray studies on AspATs of subgroup Ia have been performed (McPhalen et al., 1992; Malashkevich et al., 1995; Jiger et al., 1994; Okamoto et al., 1994; Miyahara et al., 1994; Rhee et al., 1997) , the three-dimensional structure of AspAT of subgroup Ib has not yet been determined. Many of the important active-site residues for catalysis seem to be conserved between the AspATs of subgroups Ia and Ib, but the residue which recognizes the distal carboxylate of the substrate (Arg292 in AspATs of subgroup Ia) is unknown in the AspATs of subgroup Ib. It is well known that the AspATs of subgroup Ia show a large conformational change in the small domain against the large domain to close the active-site upon binding of the substrate. The driving force for this small domain movement has not been determined.
Structure determination of T. thermophilus HB8 AspAT should help to clarify the role of the active-site residues, the mechanism of substrate recognition and the function of a mobile small domain in AspAT, and to give some insight into O 1998 International Union of Crystallography Printed in Great Britain -all rights reserved the thermostability of the protein folding: In this communication, we report the crystallization and preliminary X-ray diffraction studies of T. thermophilus HB8 AspAT, which contains 385 residues per monomer, with a calculated molecular weight of 42 051. The enzyme is stable up to about 353 K at neutral pH.
Experimental
T. thermophilus HB8 AspAT was expressed in E. coli and purified by a previously described method (Okamoto et al., 1996) . Preliminary crystallization conditions were determined using the sparse-matrix method (Jancarik & Kim, 1991) with the hanging-drop vapor-diffusion method (McPherson, 1982) . Two crystal forms were obtained and the crystallization conditions were optimized.
A 5 lxl protein solution (10 mg m1-1 protein, 100 mM KC1 and 2 mM HEPES, pH 7.0) was mixed with an equal volume of reservoir solution (300 mM ammonium phosphate, pH 4.3) and equilibrated against 400 ktl of reservoir solution at 293 K to give crystals of form I. Meanwhile, a droplet of 5 lal protein solution (10 mg m1-1 protein, 40 mM maleate, 100 mM KCI and 2 mM HEPES buffer, pH 7.0) was mixed with an equal volume of reservoir solution (200 mM sodium acetate, 100 mM citrate, 16% polyethylene glycol 6000, pH 6.5) and equilibrated against 400 ~tl of reservoir solution at 293 K to give crystals of form II. For preliminary characterization, crystals were mounted in glass capillaries with a small amount of mother liquor. Still and precession photographs were taken at room temperature with an Enraf-Nonius precession camera using Ni-filtered Cu Kt~ radiation, which was generated with a Mac III Fig. 1 . Crystals of aspartate aminotransferase from an extremely thermophilic bacterium, T. thermophilus HB8. Crystal of form I was grown in a hanging drop using ammonium phosphate as precipitant.
Acta Crystallographica Section D ISSN 0907-4449 O 1998 Science X-ray generator operating at 50 kV and 25 mA. The crystal-to-film distance was set at 100 mm. Data collection was performed at 293 K on a Rigaku R-AXIS IIc imaging-plate detector with graphite-monochromated Cu Koe X-rays produced from a Rigaku RU-200 rotating-anode X-ray generator operating at 40 kV, 100 mA.
The data were processed using the DENZO and SCALE-PACK packages (Otwinowski, 1993) . The self-rotation function was calculated with the CCP4 program POLARRFN (Collaborative Computational Project, Number 4, 1994) .
Results
The yellow crystals of form I appeared after a few days incubation and grew to a maximum size of 0.60 x 0.15 x 0.15 mm (Fig. 1) . From precession photographs, the space group of the crystal was determined to be orthorhombic P212121. The unitcell dimensions were a = 124.3, b --113.6 and c = 61.6 _A with a unit-cell volume of 8.70 × 105 ,~3. Assuming one dimer in the asymmetric unit, the V,,, value was calculated as 2.57 ~3 Da-1 indicating a solvent content of approximately 52% in the unit cell. These values are within the ranges of those for typical protein crystals (Moatthews, 1968) . The crystal diffracts to approximately 2.1 A resolution on a rotating Cu-anode generator operating at 40 kV, 100 mA (Fig. 2) . The yellow crystals of form II appeared after a few days incubation and grew to a maximum size of 1.00 x 0.15 × 0.15 mm. From precession photographs, the space group of this crystal form was determined to be orthorhombic P212~21. The unit-cell dimensions were a = 197.3, b = 109.7 and c = 80.3 A, with a unit-cell volume of 17.4 × 105 ~3. Assuming two dimers in the asymmetric unit, the V,, value was calculated as 2.58 ~3 Daindicating a solvent content of approximately 52% in the unit cell. The crystal diffracts to approximately 2.5 t', resolution.
A native data set with 44 171 unique reflections has been collected from a crystal of form I, giving a data set completeness of 98.1% at 50.0-2.2 A with Rmcrg c = 8.3%. These data indicate the good quality of the crystals for the X-ray structural analysis. The crystals showed no significant decay upon exposure. The self-rotation function computed with thc native data indicates a non-crystallographic twofold axis consistent with the presence of one dimer in the asymmetric unit (Fig. 3) . For form II, a native data set has been collected, giving a data set completeness of 93.5% at 50.0-2.5 ,~ with an Rmerge of 10.9%.
The data sets for the form I crystals soaked in 1 mM HgCI2 and 1 mM mercurochrome were also collected to 3.0 ,~. (Rmcrg c = 6.8%) and 3.5 A, (Rmerge = 8.6%) resolution, respectively, on the same system used for the native crystal. Four mercury sites of the HgC12 derivative and two mercury sites of the mercurochrome derivative were located using the difference Patterson maps (Fig. 4) . We are now in the process of refining the heavy-atom parameters for the two derivatives and searching for more heavy-atom derivatives for determination of the high-resolution three-dimensional structure of T. thermophilus HB8 AspAT.
